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Summary of scientific research

Cancer immunotherapy is based on the notion that it is possible to artificially improve the immune response to
tumor antigens to make it reach its full potential. Unlike responses directed against viral antigens, anti-tumoral
responses may not have been perfected throughout evolution, because escaping cancer probably conferred
little or no selective advantage. Our interest in tumor immunology started with a fortuitous observation made
with a mouse tumor which was strictly non-immunogenic. Mice from which this tumor was removed by surgery
did not show any protection against a challenge with the same tumor cells. We observed that by treating the
tumor cells in vitro with a mutagen we obtained tumor cell mutants that were rejected in the mice by a T
lymphocyte mediated process. Remarkably the mice that had rejected these "tum-" mutants showed a degree
of protection against a challenge with the original non-immunogenic tumor cells. This led to two conclusions.
First, all mouse tumors bear tumor-specific antigens recognized by T cells even though many of them are non-
immunogenic. Second, it is possible to create conditions that favor the T lymphocyte responses against the
tumor antigens. On the basis of these findings we launched an effort to identify the antigens recognized on
mouse tumors by T cells. A first step was to obtain in vitro cytolytic T lymphocytes (CTL) that specifically lysed
the tumor cells. Antigenic transfectants could be detected on the basis of their ability to stimulate the proliferation
of the relevant CTL clone and the genes coding for the antigens could be retrieved from these transfectants
by using appropriate cosmid technology. Later the genes coding for these antigens were identified. Our results
demonstrated that there are two major genetic processes that produce tumor-specific antigens. The first is
the acquisition of mutations by the cancer cell, which generate peptides because of an amino-acid change.
Mutated peptides either become capable of binding to major histocompatibility complex molecules or contain
a new epitope. The second is the expression by the tumor of a gene which is not expressed in the normal
cells of the adult. Around 1985 we began to examine whether the results obtained in mice could be extended
to man. We focused our efforts on melanoma. Stimulation of T lymphocytes with autologous melanoma cells
produced cytolytic T cells that appeared to lyse the tumor cells specifically. This led to the identification of the
first gene coding for a human tumor-specific antigen recognized by T cells. This previously unknown gene was
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named MAGE and it was soon found to be expressed in many tumors and not in normal cells with the exception
of male germline cells. Antigens encoded by cancer-germline genes ought to be very suitable as therapeutic
vaccines for cancer-patients as they are strictly tumor-specific and present on a large proportion of tumors.
Gene mutation was also found to be a major source of human tumor-specific antigens. Finally, we observed
that CTL of melanoma patients can respond to antigens encoded by melanocytic differentiation genes, such
as tyrosinase and Melan-A. Our first clinical trial involved the vaccination of metastatic melanoma patients with
an antigenic peptide which is encoded by MAGE-3and presented by HLA-A1. Seven patients out of 26 showed
evidence of tumor regression. No toxicity was observed. Similar results were observed after vaccination with
the MAGE-3 protein or with an ALVAC recombinant virus coding for MAGE sequences. We have therefore
developed highly sensitive approaches for the detection of CTL responses combined with an analysis of the T
cell receptor diversity of the responding CTL. These approaches are beginning to show a correlation between
CTL responses and tumor regressions. We will use these approaches to try to understand why only a minority
of cancer patients respond to therapeutic vaccination.
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